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Confining Classical Configurations 
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We construct a family of smooth, almost self-dual, non-thermalized SU(2) gauge field configurations, and 
measure the average of the fundamental, adjoint and spin | representation Wilson loops on them. We get area 
law in all three cases. We also study thermalised configurations at (3 — 2.325 after cooling. The ratio of string 
tension in the spin j representation over that in the fundamental, stays constant with cooling. 



1. Introduction 

Can classical configurations produce Confine- 
ment? What we mean with this question is 
whether one can produce an statistical distribu- 
tion of smooth configurations such that the ex- 
pectation value of Wilson loops on them shows 
an area law behaviour. The question makes sense 
since there are different authors which defend op- 
posite answers to this question. The question is 
preliminary to a much more important one: Can 
one understand Confinement in QCD in terms of 
classical configurations? The general idea was 
advocated by Polyakov in the 70's. Since then, 
many authors have defended this point of view, 
although proposing different alternatives for what 
the relevant physical configurations can be. Our 
group [jj] proposed that the configurations are 
smooth, quasi-self-dual, and dense enough so that 
instantons loose their individuallity. Further- 
more, we suggested that in this situation frac- 
tional topological charge objects begin to be iden- 
tifiable structures and form a liquid, which ex- 
plains many properties of the Yang-Mills vac- 
uum, and in particular Confinement. Although 
at present we cannot provide conclusive evidence 
in favour of our model, we will be able to give re- 
sults which help in solving the first two questions. 
In addition, following a suggestion by J. Ambjorn, 
we have studied the string tension in the adjoint 
and spin=3/2 representation, a point which has 
been advocated by Greensite |2j to be an impor- 
tant test on different models of Confinement. We 
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will dedicate the next sections to present these 
results. See also Ref. [B|. 



2. Can classical configurations produce 
Confinement? 

In order to answer this question we generated 
a family of SU(2) gauge configurations and mea- 
sured the string tension on them. To generate 
them, we proceed as follows. We start with a 
configuration on a 16 3 x 8 lattice and periodic 
boundary conditions, built by gluing a 4 4 build- 
ing block to itself. This building block is the min- 
imum action configuration on a 4 4 lattice with 
twisted boundary conditions m = k = (1, 1, 1). It 
is self-dual and has topological charge Q = 1/2. 
The final configuration is a sort of crystal of these 
lumps. To melt the crystal we applied a series of 
Monte Carlo steps at a large value of j3. We take 
the minimum number of Monte Carlo steps nec- 
essary to produce a fairly uniform distribution of 
lumps. This number grows with (3, being 50 at 
3.2 and 75 at 3.8. In any case the resulting con- 
figuration is far from being thermalised. Finally, 
we apply the cooling method of Ref. Q with 
e = —0.3. The whole procedure is repeated sev- 
eral times to obtain a family of configurations. 
We have studied several values of (3 in the range 
[3, 5] with identical conclusions. Here we will 
present the results for (3 = 3.8, for which we have 
a total of 150 configurations. We have studied 
the dependence of the results on the number of 
applied cooling steps. We only find a significant 
difference during the first few cooling steps. Be- 
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Figure 1. The values of xi(R^T) at 20 cooling 
steps for R=7,6,5,4 (top to bottom) as a function 
of T ^_^ compared with the straight line predic- 
tion of Eq. 1. 



yond 20 cooling steps the results vary very little. 

Once we got this sample of configurations, we 
computed the average value, over positions and 
configurations, of square R x T Wilson loops, 
and obtained the Creutz ratios from them. For a 
smaller subsample of configurations we have also 
measured loops and Creutz ratios for the adjoint 
(110 configurations) and the spin= 3/2 represen- 
tation (50 configurations). We have fitted our 
data on Creutz ratios to the formula: 

Xj (R,T)=a j - 7j (^^ )+¥{ ±- Y) ), (1) 

where <jj is the string tension in the spin j rep- 
resentation, and the term proportional to 7 r fol- 
lows from a scale-invariant contribution to Wilson 
loops (perturbation theory or string fluctuations). 
The main conclusions from our results are the fol- 
lowing: 

1. The fits, done over a range of R and T val- 
ues going from 4 to 7, are excellent, giving \ 2 val- 
ues per degree of freedom which are much smaller 
than 1 (the values for different sizes are corre- 
lated). In Fig. 1, we show, for 20 cooling steps, 
the data of Xi(R,T) for R,T =4, 5, 6 and 7 and 
plotted as a function of 1/(T(T-1)), together with 
the curves of our 2 parameter fit. 

2. There is a non-zero value of the string 



tension in all three representations in the range 
of distances probed. For 10 cooling steps the 
3 string tensions are in the ratio 1:1.83:2.7 and 
drops to 1:1.53:1.93 for 100 cooling steps. 

3. The value of the fundamental string tension 
decreases with cooling but seems to approach a 
constant. For example, cri is equal to 0.0554, 
0.0508, 0.0461 and 0.0453 for 10, 20, 50 and 100 
coolings respectively. 

In conclusion, we have shown how our configu- 
rations provide an affirmative answer to the ques- 
tion we which posed in the section title. 

3. Is the Confinement property of Yang- 
Mills theory understandable in terms of 
classical configurations? 

A few years ago Campostrini et al |(| observed 
that the string tension persisted after a few cool- 
ing steps, and the errors reduced considerably. 
This could be interpreted as evidence in favour 
of an affirmative answer to the section title ques- 
tion, since the smooth cooled configurations ac- 
count for the value of the string tension. However, 
there are two facts that eliminate this conclusion. 
First, the value of the effective string tension as 
measured from different observables was seen to 
decrease when one continues to cool the configu- 
rations. Furthermore, Teper [Q pointed out that 
the persistence of the string tension under a few 
coolings is a result of the local nature of the cool- 
ing algorithm. However, cooling is known to af- 
fect classical configurations, producing for exam- 
ple the annihilation of opposite topological charge 
objects. In a previous work ||, we observed that 
there is a very strong correlation between the 
value of the effective string tension and the den- 
sity of action density peaks D pea ^ s , in such a way 
that the quantity K = a j */ D pea k s stays constant 
with cooling. This is precisely what we would ex- 
pect from a classical model like ours. Our previ- 
ous work was based on thermalised data with Wil- 
son action and f3 = 2.325 obtained on an 8 3 x 64 
lattice with twisted boundary conditions. In what 
follows we will report our new results in this re- 
spect. 

We generated 199 SU(2) Yang-Mills configura- 
tions on a 16 3 x 8 lattice, and periodic boundary 
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conditions, thermalised using the Wilson action 
and (3 = 2.325. The configurations were sepa- 
rated by 500 Monte Carlo sweeps after 5000 ini- 
tial sweeps. We have measured Wilson loops and 
Creutz ratios on them. Our main results are the 
following: 

1. The Creutz ratios obtained decrease 
strongly with cooling for all three representa- 
tions. For example, for the fundamental rep- 
resentation the Creutz ratio for R=T=6 equals 
0.107(3), 0.078(1), 0.045(1), 0.0282(4) for 10, 20, 
50 and 100 coolings. However, as predicted by 
our interpretation of this drop, if we compute the 
quantity K(6) = x(6, 6)/^D peaks we get 2.22, 
2.32, 2.00 and 1.70. Notice that a drop by a fac- 
tor 3.8 in x(6, 6) only produces a 24% difference 
in K(6). The actual value is also similar to the 
one obtained for twisted boundary conditions. 

2. One of the most salient conclusions of our 
data is that the ratio of Creutz ratios of dif- 
ferent representations does not depend on cool- 
ing. In Fig. 2 we show our results for Tj (5) = 
Xj(5, 5)/xi (5, 5). The value is a bit smaller than 
the prediction ( See Ref.Q) of 8/3 and 5. Us- 
ing other values of R=T one also gets very good 
constancy with cooling and values which decrease 
with increasing R. For example at 80 cooling steps 
wehaveri(i?) equals 2.33(5), 2.25(6), 2.19(9) and 
2.11(36) for R= 4, 5, 6, and 7 respectively. For 
rs(R) the values are 3.94(9), 3.72(13), 3.53(29) 
for R=4, 5 and 6. On the basis of our results we 
are tempted to propose that these ratios coincide 
with the uncooled ones. 

In conclusion, we have verified our previous 
findings concerning the correlation between the 
string tension and the action density local max- 
ima, which reinforces the evidence for Confine- 
ment being related to the underlying classical 
configurations. It is important to see that the 
cooled classical configurations preserve the pro- 
portion of Creutz ratios among the different rep- 
resentations. 

4. Other questions 

The final big question would be: what is the 
correct description of the confining classical con- 
figurations? We cannot at the present moment 
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Figure 2. The quotient of Creutz ratios for 
R=T=5 (ri(5) = Xf/xi (top) and n(5) = 
Xi/Xi (bottom)) as a function of the number of 
cooling steps. The horizontal lines are meant to 
guide the eye. 



distinguish between Q = 1/2 and Q — 1 peaks at 
an individual basis. We can repeat our analysis of 
Ref. J5|] and compute for each configuration the 
ratio of the total action divided by &-K 2 N pea k s . 
This should be 1 if all peaks were instantons. 
What we found is that the ratio is 0.46, 0.54, 0.61 
and 0.65 for 10, 20, 50 and 100 cooling steps. For 
the unthermalised configurations our values are: 

0. 66. 0.71, 0.71 and 0.69. 
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